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Summary
? The West Midlands region encompasses the greater part of the south west corner of 
the Northern Agricultural Region of Western Australia.  It covers almost 1.25 million 
hectares within six shires including Irwin, Three Springs, Carnamah, Coorow, 
Dandaragan and Gingin.  The climate is Mediterranean with moist, mild winters and 
hot, dry summers. 
? The region is drained primarily by the Hill and Arrowsmith Rivers, with minor 
watercourses such as Minyulo and Caren Caren Brooks.  Most of the watercourses 
disappear before reaching the coast.  The exception to this is the Hill River which flows 
into the Indian Ocean south of Jurien Bay.  A chain of lakes, including Lake Logue, 
runs parallel to the coastline behind the extensive coastal dune system.   
? Deep sand is the major soil supergroup, occupying 58 per cent of the region.  Loose, 
coarse, dry surface soils are prone to wind erosion and approximately 73 per cent of 
soils in the West Midlands have a high to very high wind erosion hazard.  The soils that 
either currently exhibit subsoil acidity or are likely to in the next 10 years make up 
53 per cent of land in region.   
? The West Midlands Region has exceptional species richness, particularly in the 
Mt Lesueur and Eneabba areas.  Over 110 species in quadrants 10 m x 10 m near 
Mt Lesueur have been measured which at that scale has few parallels globally.  Near 
Eneabba, species diversity levels have been recorded that were as high as, if not 
higher than, the richest of tropical rainforests.  
? There are currently 578,256 hectares of remnant vegetation remaining in the West 
Midlands Region that represents about 47 per cent of what originally grew.  When 
compared to other regions in the South West Land Division the amount of remnant 
vegetation remaining is relatively high, particularly when compared to the wheatbelt 
with only 7 per cent remaining.  The native vegetation in the West Midlands contains 
113 species of priority flora and 41 species of declared rare flora. 
? Throughout the Northern Agricultural Region, evidence of rising groundwater trends are 
most prominent and consistent in the Perth Basin.  The highest rates of groundwater 
rise are observed in the regional groundwater system when there is overlying perched 
groundwater.  The other factor significantly influencing groundwater rise in the Perth 
Basin is land clearing.  Rising groundwater has only been observed at sites that are 
within or adjacent to land cleared for agriculture.  There are large tracts of native 
remnant vegetation in the West Midlands and groundwater monitoring sites located in 
the midst of these areas are yet to conclusively display rising trends. 
? Mapping by the CSIRO and the Department of Agriculture Western Australia, through 
the Land monitor Program, shows that in 1988-89 the West Midlands had 
9,050 hectares of salt affected land.  This had increased to 12,960 hectares by 
1998-99, an increase of 3,910 hectares (43%) in ten years. 
? Rising groundwater poses a considerable future salinity threat in the West Midlands.  
While groundwater is often fresh, high evaporation rates have the potential to transform 
fresh seeps into saline scalds.  Throughout much of the West Midlands the depth to 
regional groundwater is typically tens of metres and rising groundwater can 
alternatively be viewed as an increasing water resource. 
? Understanding the nature of perched watertables and surficial aquifers is fundamental 
to strategic management.  Further to this, determining between perched and regional 
groundwater systems is also important.  Designing treatment requires knowledge of the 
size of the problem, or the opportunity shallow groundwater presents. 
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? Shedding landscapes are slopes greater than 3 per cent and account for approximately 
35 per cent of the West Midlands Region.  Receiving landscapes occupy approximately 
64 per cent of the Region and are areas with lower gradients and ill-defined drainage.  
? Excess runoff has resulted in increased flooding of waterways and wetlands.  Records 
indicate that prior to 1962 Lake Indoon was semi-permanent and usually dried out each 
year.  The lake is now permanent due to increased runoff from the surrounding 
catchments
? The two major rivers in the West Midlands are currently considered to be brackish and 
moderately saline in quality.  Salinity in the Hill River has been recorded at an average 
of 1,800 mg/L from 1993 to 2002, yet in 1972 this figure was only 448 mg/L. 
A range of options for reducing land degradation is discussed.  Factors such as soil type, 
annual rainfall, enterprise mix and financial structure will determine the most suitable 
approach for each farm business. 
WEST MIDLANDS REGION APPRAISAL 
3
Acknowledgments
The members of the West Midlands Region Appraisal Team responsible for this report are: 
Mike Clarke  Remnant vegetation and revegetation  
Phil Goulding GIS mapping support and data interrogation 
Lyle Mildenhall Surface water hydrology 
Frank Rickwood Surface water management 
Damian Shepherd GIS data interrogation 
Russell Speed Groundwater hydrology 
Angela Stuart-Street Soils, land use, climate and climate change, land management hazards and options, report compilation 
Ross Upchurch GIS mapping support 
Peter Whale Surface water drainage 
Thanks also to Robyn Nicholas from the Northern Agricultural Catchments Council and staff 
at the Department of Environment and Conservation providing information on rare and 
priority flora; to Tim Overheu and the Albany Catchment Support team for a peer review of 
the report.
WEST MIDLANDS REGION APPRAISAL 
4
1. Introduction 
The purpose of this report is to provide a ‘snap shot’ appraisal of the condition of the natural 
resources within the West Midlands Region at a regional scale.  The information provided 
here allows an assessment of the natural resource base, its condition and the current and 
future risks to which it may be subject.  It also provides the currently recommended best 
management practices for those risks.  Finally, the report also provides a resource of further 
information sources and contacts for more enquiries. 
1.1 Study Area 
The West Midlands region encompasses the greater part of the south west corner of the 
Northern Agricultural Region of Western Australia.  It covers almost 1.25 million hectares and 
includes six shires:  Irwin, Three Springs, Carnamah, Coorow, Dandaragan and Gingin.  It is 
bounded on the west by the Indian Ocean, to the north by the Greenough catchment and to 
the east and south by the Yarra Yarra and Moore River catchment areas (Figure 1).   
The main towns occurring throughout the region include Lancelin, Dandaragan, Jurien, 
Badgingarra, Eneabba and Leeman.  The land use is predominantly broad acre agriculture 
interspersed with large areas of land set aside for conservation of the highly diverse flora for 
which much of the region is renowned.  Mining, including mineral sands and lime sand, also 
occurs in isolated areas and horticultural activities are becoming more common.   
The main drainages for the region are the Hill and Arrowsmith Rivers, with minor 
watercourses such as Minyulo and Caren Caren Brooks.  Most of the watercourses 
disappear before reaching the coast.  The exception to this is the Hill River which flows into 
the Indian Ocean south of Jurien Bay.  A chain of lakes, including Lake Logue, runs parallel 
to the coastline behind the extensive coastal dune system.  Perth Basin geology dominates 
the West Midlands.  This includes a small area in the north-eastern corner where it is 
intersected by the Urella Fault and the Permian clay sediments of the Irwin Sub-basin are 
found.
WEST MIDLANDS REGION APPRAISAL 
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Figure 1. West Midlands Region study area. 
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2. Natural resource base 
2.1 Climate 
Angela Stuart-Street, Soil Resource Officer 
The West Midlands has a Mediterranean climate typical of the south west of Western 
Australia.  It features moist, mild winters and hot, dry summers.   
The rainfall gradient (based on a 30 year average 1976-2005, SILO 2006) displays highest 
falls in the southern central area of the region, decreasing to the north and east, ranging from 
over 625 mm to below 400 mm (Figure 2).  Lancelin in the south receives the highest rainfall 
and Eneabba to the north is the driest (SILO 2006).  Almost 90 per cent of the rainfall in the 
West Midlands occurs between March and October.  Summer is normally dry apart from 
scattered and irregular thunderstorms or rain from the formation of troughs and moist air from 
the north-west which form mid-level disturbances.  Additionally there are very infrequent 
events from decaying tropical cyclones. 
The moderating influence of the coast is exhibited by the temperatures across the region.  
Average maximum summer temperatures on the coast range from 29-30?C from January to 
March.  Further inland the summer maximum temperatures are higher, generally peaking in 
February.  These range from 34?C in the south to 36?C in the northern parts of the West 
Midlands.  Winter minimum temperatures on the coast are also milder with a 9?C average 
minimum in July and August compared to 6?C inland (Bureau of Meteorology 2006). 
Wind is also a characteristic climatic influence in the West Midlands.  Summer morning 
breezes are often warm easterlies which generally reach 19-21 km/hr.  Sea breezes, which 
are mainly from a south-south westerly direction, are a feature on summer afternoons.  
Lancelin and Jurien experience 26-29 km/hr winds.  The afternoon sea breezes often reach 
inland, with Badgingarra experiencing average winds of 28 km/hr and 18 km/hr at Eneabba.  
Winter winds are more variable and are influenced by the movement of cold fronts coming in 
from the Indian Ocean.  The dominant winds are from the east to north-west before the cold 
fronts.  Behind the fronts the cool, moist winds are generally west to south-westerly.  
Average wind strengths are generally much less than in summer months, however, from 
10-17 km/hr (Bureau of Meteorology 2006). 
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Figure 2. Rainfall within the West Midlands based on the 30 year average 1976-2005. 
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2.2 Geology 
Russell Speed, Regional Hydrologist. 
The West Midlands lies entirely within the Perth Basin (Figure 3).  The Perth Basin has been 
described as an intensely faulted half-graben (Playford et al. 1976).  It is a north-south 
elongate trough in the south west of Western Australia containing Silurian to Pleistocene 
sediments (Mory and Iasky 1996). 
The sediments were deposited in both terrestrial and marine environments.  Structurally most 
of the faults have north-north-westerly trends although there are crosscutting faults.  The 
major faults have normal displacements (Playford et al. 1976, Mory and Iasky 1996).  Simple 
compressional folding appears absent (Playford et al. 1976) and sedimentary layers are 
generally flat to gently inclined and can be draped over fault scarps. 
The Soil-Landscape Zones (see Section 2.3.1) broadly coincide with the physiographic units 
described by Mory and Iasky (1996).  The Lockier Zone (226) coincides with the Irwin 
Sub-basin (Irwin Terrace of Mory and Lasky 1996).  The Irwin Sub-basin is a trough of 
predominantly Permian sediments that lie between the Urella Fault and the Darling Fault.  It 
also contains an inlier of Proterozoic gneiss (Mullingarra Inlier) and Proterozoic sedimentary 
rocks of the Yandanooka Group (Cockbain 1990, Baxter and Lipple 1985).  The Proterozoic 
formations dominate the part of the Lockier Zone within the West Midlands. 
The Dandaragan Plateau Zone (222) generally coincides with the Dandaragan Plateau of 
Mory and Lasky (1996) and likewise the Arrowsmith Zone (224) broadly corresponds to the 
Arrowsmith Region.  The Geraldton Coastal Zone (221), Perth Coastal Zone (211) and 
Bassendean Zone (212) correspond to the Swan Coastal Plain of Mory and Iasky (1996). 
The West Midlands Region typically overlies thousands of metres of Mesozoic sediments.  
The Dandaragan Plateau and Arrowsmith Zones overlie the Dandaragan Trough which is the 
deepest part of the onshore Perth Basin.  The Dandaragan Trough may contain in excess of 
10,000 metres of Mesozoic sediments at its deepest part. 
The most significant and widespread sedimentary units in the West Midlands area of the 
Perth Basin are the Yarragadee Formation (Jurassic) and overlying Parmelia Formation 
(Cretaceous).  The lithology of the Yarragadee and Parmelia Formations is very similar 
consisting of feldspathic sandstone interlayered with generally thin bedded siltstones and 
shales deposited in a fluvial environment (Mory and Iasky 1996). 
Other sedimentary units that occur in the West Midlands are the Triassic Kockatea Shale, 
Woodada Formation and Lesueur Sandstone, and Jurassic Eneabba Formation, Cattamarra 
Coal Measures and Cadda Formation.
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Figure 3. Geology of the West Midlands Region. 
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2.3 Soil-landscapes 
Angela Stuart-Street, Soil Resource Officer 
2.3.1 Soil-Landscape Zones 
Soil-Landscape Zones (SLZ) are regional units based on geomorphologic or geological 
criteria (Schoknecht et al. 2004).  Six have been identified across the West Midlands Region 
(Table 1, Figure 4).
The West Midlands features a variety of landscapes, ranging from sandplains to lateritic 
breakaways, lakes, limestone hills and coastal dunes.  It is dominated equally by two 
soil-landscape zones which together make up almost two thirds of the region.  Firstly, the 
Arrowsmith Zone which appears as dissected lateritic terrain with hills, breakaways, and 
plateau and sandplain remnants in the central part of the region.  It abuts the coastal zones 
to the west and is bounded in the east by the Dandaragan Scarp and in the south and west 
by the Gingin Scarp.  The co-dominant zone is the Dandaragan Plateau, seen to the east of 
the Arrowsmith Zone. This area features a gently undulating plateau with areas of sandplain 
and some laterite with dunefields and playa lakes.   
Coastal Zones dominate the remainder of the West Midlands.  The Geraldton Coastal Zone 
is the most prominent, extending from the north down to Jurien Bay and eastward to 
encompass Eneabba.  It is a coastal dune system with sandplain rises and low hills with relict 
dunes and some outcrop of coastal limestone.  Areas of lagoonal deposition parallel to, and 
just inland of, the coast are also a feature.  To the south of Jurien is the Perth Coastal Zone, 
with coastal dunes and plains which continue down the coast.  To the east of the Perth 
Coastal Zone is a small area of fixed sand dunes with sandplains and swamps which belong 
to the Bassendean Zone.   
The remaining Zone, the Lockier, covers just 2 per cent of the region, in the north eastern 
corner.
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Figure 4. Soil-Landscape Zones within the West Midlands region. 
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Table 1. Soil-Landscape Zones in the West Midlands Region 
Soil-Landscape Zone Code Description 
Arrowsmith 
387,173 ha 
(32% of area)
224
Dissected lateritic sandplain with hills, breakaways and plateau and sandplain 
remnants.  Sandy and gravelly soils formed in colluvium and weathered in-
situ rock.  Deep sands, Ironstone gravelly soils and Sandy duplex. 
Dandaragan Plateau 
378,666 ha 
(31% of area)
222
Gently undulating plateau with areas of sandplain and some laterite on 
Cretaceous sediments.  Soils are formed in colluvium and weathered rock.  
Deep sands with Ironstone gravelly soils and Loamy earths. 
Geraldton Coastal 
187,195 ha 
(15% of area)
221
Dunes with alluvial plains and sand sheets.  Low hills of Pleistocene Tamala 
Limestone, recent calcareous and siliceous dunes.  Yellow/brown shallow 
sands, Yellow deep sands, Calcareous deep and shallow sands and Pale 
deep sands 
Perth Coastal 
153,846 ha 
(13% of area)
211
Coastal sand dunes and swamps.  Late Pleistocene to Recent age.  
Calcareous and siliceous sands and calcarenite.  Yellow deep sands, Pale 
deep sands, Calcareous deep sands and Yellow/brown shallow sands 
Bassendean
99,489 ha 
(7% of area)
212 Fixed dunes inland from coastal dune zone with low-lying wet areas.  Mid Pleistocene Bassendean sand.  Pale deep sand, Semi-wet soil and Wet soil 
Lockier 
18,570 ha 
(2% of area)
226
River valleys of the Irwin, Lockier and Arrowsmith rivers, underlain by 
Proterozoic granulites, and sediments of the Irwin sub-basin between the 
Darling and Urella faults.  Cracking clay, Shallow loamy duplex, Loamy earths 
and Deep sands.   
2.3.2 Soils of the West Midlands Region 
As sandplains and coastal dunes form dominant features of the landscape in the West 
Midlands, it follows that Deep sand is the major soil supergroup (58 per cent).  The main 
individual WA soil groups (Schoknecht 2002) which contribute to this are Pale deep sands 
and Yellow deep sands which are equally widespread (Table 2).  Gravelly pale deep sands 
also occur regularly in areas and Calcareous deep sands are more dominant on the coastal 
dunes.
Ironstone gravely soils are the next most prominent soil supergroup (15 per cent).  Deep 
sandy gravels and Duplex sandy gravels are main contributors, with fewer occurrences of 
Shallow gravelly soils.  Shallow sands are also widespread in some areas.  These cover 
8 per cent of the region and are mainly Yellow/brown or Calcareous shallow sands, often 
associated with coastal limestone.  The remaining soils across the area are minor in their 
occurrence within the region (less than 5%).  Figure 5 represents the characteristic soils of 
the region.  This is a grouping of the main areas of occurrence of the dominant soil groups.  
A full list of soils is presented in Appendix 1 and the dominant soils in each Soil-Landscape 
Zone within the West Midlands are presented in Appendix 2.   
The soils and landscapes of this area were mapped and described in numerous Department 
of Agriculture and Food land resources surveys (as yet unpublished – see References).  An 
analysis of this information was undertaken by using the Department of Agriculture’s Map 
Unit Database (2006). 
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Table 2. Main WA soil groups of the West Midlands Region 
WA soil group Area (ha) Percentage 
Pale deep sand 268,000 22 
Yellow deep sand 253,000 21 
Gravelly pale deep sand 100,000 8 
Deep sandy gravel 90,000 7 
Duplex sandy gravel 56,000 5 
Calcareous deep sand 52,000 4 
Yellow/brown shallow sand 49,000 4 
Grey deep sandy duplex 47,000 4 
Calcareous shallow sand 40,000 3 
Shallow gravel 32,000 3 
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Figure 5. Characteristic soils of the West Midlands region. 
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2.4 Hydrology 
Russell Speed, Regional Hydrologist 
2.4.1 Groundwater Hydrology 
In the Irwin Sub-basin (SLZ 226), groundwater flow systems are localised and characterised 
by low to extremely low hydraulic conductivity.  Where present, a zone of saprolite grits 
marking the transition from overlying deeply weathered saprolite clay to fresh Mullingarra 
Gneiss may at times exhibit aquifer properties.  Groundwater is mostly unconfined, however, 
and the low hydraulic conductivities produce semi-confined conditions. 
Groundwater in the Irwin Sub-basin is generally brackish to saline.  The depth to the 
watertable is generally shallow (< 10 m) and the surface of the watertable is a subdued 
reflection of the topographic surface. 
Throughout the rest of the West Midlands there are regional groundwater flow systems.  
Significant regional aquifers occur, most notably in the Yarragadee Formation and the 
Parmelia Formation.  The aquifers in the Yarragadee and Parmelia Formations are semi-
confined and multi-layered (Mory and Iasky 1996) and contain vast resources of good quality 
water.
In the eastern part of the West Midlands that overlie regional groundwater flow systems, the 
depth to the watertable is typically deep (approximately 50 m) except along the subdued 
scarp formed by outcrop of the Otorowiri Siltstone.  The surface of the watertable is planar 
and not closely related to topography.  The regional groundwater gradient is generally 
westward.
The Otorowiri Siltstone marks the transition from the overlying Parmelia Formation to the 
Yarragadee Formation.  It is an aquitard that separates regional groundwater in the Parmelia 
Formation from regional groundwater in the underlying Yarragadee Formation.  There are 
numerous seeps along the occurrence of Otorowiri Siltstone caused by regional groundwater 
discharge out of the Parmelia Formation.  Where the aquifer has filled to overtop the 
elevation of Otorowiri Siltstone outcrop, regional groundwater discharge occurs as hillside 
seeps and springs. 
In the lower lying western Soil-Landscape Zones of the West Midlands (Geraldton and Perth 
Coastal, and Bassendean Zones) the regional watertable is typically less than 30 metres 
below the surface.  Perennial wetlands within these zones are generally connected to 
regional groundwater, that is, they are expressions of regional groundwater.   
Localised perched groundwater systems are present within layers throughout the West 
Midlands.  They occur in layers above the regional watertable.  Some of the perched 
watertables in the West Midlands are observed to be permanent, others are intermittent.  
There are also examples of multiple perched watertables (Speed in press). 
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Figure 6. Catchments and drainage lines in the West Midlands region. 
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2.4.2 Surface Water Hydrology 
Peter Whale, Land and Water Development Officer 
The surface drainage systems in the West Midlands Region are made up of 8 main 
sub-catchments:  Arrowsmith River, 617, Cockleshell, Hill River, Logue, Minyulo, North 
Coastal Dunes, and the South Coastal Dunes catchments (Table 3, Figure 6).  The 
information discussed in this section is a summary from Earth Tech (2002).   
Table 3. Surface drainage systems of the West Midlands 
Sub-catchment Area (ha) 
Area of West 
Midlands 
(%) 
Minyulo 393,954 32 
Hill River 353,956 30 
Arrowsmith 183,326 15 
North Coastal Dunes 119,665 10 
Logue 85,651 7 
South Coastal Dunes 51,627 4 
617 28,555 2 
Cockleshell 6,208 < 1 
Total 1,232,593 100 
The watercourses in the Arrowsmith River, Hill River, Minyulo, Logue and Cockleshell 
catchments flow predominantly in an east-west direction from the upland areas in the eastern 
part of the West Midlands.  
The Hill River is the only watercourse that discharges directly into the sea – the remainder 
drain into the swamps and lakes of the interdunal depressions adjacent to the coast.  
The Arrowsmith, Hill and Minyulo catchments have a high density of drainage lines along the 
Dandaragan Scarp – they are incised and form a distinctive dendritic pattern of drainage.  
This dendritic drainage pattern with incised streams is repeated along the Gingin scarp.  
Surface water movement in the coastal catchments is only apparent at the end of winter 
when the chains of lakes and swamps are filled and are often connected by broad streams.  
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2.5 Native vegetation 
Mike Clarke, Revegetation Officer 
The West Midlands Region has exceptional species richness, particularly in the 
Mt Lesueur and Eneabba areas.  Griffin et al. (1990) found over 110 species in quadrants 
10 m x 10 m near Mt Lesueur which at that scale has few parallels globally.  Lamont et al.
(1977) near Eneabba recorded species diversity levels that were “as high as, if not higher 
than, those for the most diverse communities previously recorded, including the richest of 
tropical rainforests” (Hopper et al. 1996).  Griffin (1994), in a slightly larger study area, 
recorded about 2000 native taxa, which at the time was about one fifth of the total for 
Western Australia. 
Beard (1976, 1979a and b) and the National Vegetation Information System Database (2003) 
divides the West Midlands Region into 17 vegetation systems (Figure 7). 
Bassendean System ? Extends from east of Green Head to beyond the southern boundary 
of the study area.  It comprises a flat plain with low ridges of sand and teatree swamps 
underlain by a calcareous hardpan.  The vegetation varies from Banksia low woodland 
(Banksia attenuata, B. ilicifolia, B. menziesii and Eucalyptus todtiana) on well drained sands 
to diverse heath (Acacia lasiocarpa, Melaleuca acerosa, Banksia sphaerocarpa or Calitrix
aurea) on swampy areas and paperbark (Melaleuca rhaphiophylla and M. preissiana)
surrounding lakes. 
Cliff Head System ? Occupies the coastal strip of dunes and, to the south, salt lakes from 
Green Head north to the northern boundary of the West Midlands Region.  The vegetation 
varies from a low Acacia Melaleuca heath on limestone platforms to dense thickets of 
Acacias, Eucalyptus and Melaleuca’s on sand ridges.  Species include Acacia lasiocarpa, 
A. rostellifera, A. xanthina, Melaleuca acerosa, M. cardiophylla and Eucalyptus obtusiflora.
The salt lakes in the south comprise samphire on the margins surrounded by thickets of 
Melaleuca huegelii, M. thyoides, M. lanceolata and trees of Casuarina obesa.
Dandaragan System ? This system is found on the Dandaragan Plateau and extends from 
the Moore River catchment in the south to Dinner Hill in the north.  The dominant cover is 
Red gum (Corymbia calophylla) woodland.  Patches of poorer leached sands are occupied 
by Banksia low woodland including Banksia attenuata, B. ilicifolia, B. menziesii and
Eucalyptus todtiana.  Eucalyptus rudis flank the drainage lines of this area.   
Erindoon System ? Associated with the flat coastal plain between the limestone deposits on 
the coast to the base of the Pleistocene shoreline to the east.  The vegetation is 
predominately a scrub heath on the deep sandy flats with smaller areas of low heath 
comprising Calytrix, Melaleuca and Eremaeas on the winter wet depressions.  The scrub 
heath is dominated by scattered small trees of Eucalyptus todtiana, Banksia menzesii, 
B. prionotes and Xylomelum angustifolium.
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Figure 7. Beard’s Vegetation Systems in the West Midlands Region. 
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Gairdner System ? This system includes the mesas and slopes of the Gairdner and 
Herschel ranges which includes the summit of Mt Lesueur.  The diverse system is a complex 
of heath, scrub heath and woodland.  Slopes are occupied by grass trees, Dryandra and the 
Hakea obliqua scrub heath.  Along creeks, a woodland exists of Corymbia calophylla, 
Eucalyptus wandoo and E. rudis with some wandoo extending up the Herschel range.  The 
summit plateau carries a diverse scrub-heath of many species. 
Gingin System ? A very small area of this system falls within the West Midlands Region and 
is found just south west of the Koojan System.  The vegetation is described as a Banksia low 
woodland with scattered eucalypts.  Banksia species include Banksia attenuata, B ilicifolia 
and B. menziesii.
Guilderton System ? Extends along the coastal strip south of the Cliff Head System and 
includes Recent dunes and sands.  The vegetation comprises heath and thicket including 
Acacia cyclops, A. lasiocarpa, Melaleuca acerose, Olearia axillaris and Templetonia retusa.
Saltbushes and samphire with the occasional Casuarina occur on salty flats. 
Illyarrie System ? Occurs on undulating country east of the Cliff Head system where yellow 
siliceous sand overlies limestone.  The system owes its name to the common name of its 
character species Eucalyptus erythrocorys.  This tree forms isolated groves standing out 
from the surrounding scrub heath of which Beaufortia squarrosa and Banksia sphaerocarpa
appear as dominant species. 
Jurien System ? Associated with the older coastal limestone this system is similar to the 
Illyarrie System and extends from its southern boundary east of Jurien Bay.  The vegetation 
comprises a mosaic of scrub-heath with Banksia prionotes forming the conspicuous species 
with Dryandra sessilis and Calothamnus quadrifidus dominating the lower heath layer.   
Koojan System ? Situated between the Moore River and the Dandaragan System the 
Koojan System is associated with undulating country of bleached sand over laterite.  The 
vegetation varies from mainly heath and scrub-heath to the occasional Banksia woodland in 
valleys.  Dryandras are dominant with other genera including Hakea, Verticordia and 
Xanthorrhoea.   
Lesueur System – Numerous mesas and hills are a feature of this system which extends 
north and south of Badgingarra to east of Jurien Bay.  The catena ranges from heath on the 
upper slopes and summits, scrub-heath on the mid slope sands, low Banksia woodland on 
the deep sand valleys and Eucalypt woodland along drainage lines.  The heath contains an 
exceptional diversity of species and is recognised at a global scale. 
Marchagee System – This system occupies a small portion of the West Midlands Region 
and is found on the central eastern boundary.  It is dominated by scrub-heath on yellow 
sandplain with smaller areas of Casuarina thicket on rocky ridges, Eucalypt woodland on red 
loams and mallee with halophytes in depressions.  Dominant species of the scrub-heath 
include Banksia prionotes, B. attenuata, Actinostrobus arenarius, Grevillea leucopteris and
Xylomelum angustifolium.
Mingenew System – Associated with dissected undulating country comprising loamy soils 
north east of Three Springs.  This system has been extensively cleared for agriculture and 
consists primarily of Acacia acuminata scrub with scattered trees of Eucalyptus loxophleba
and more rarely E camaldulensis.
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Mullingarra System – Named after the Mullingarra Inlier of Precambrian granitic gneiss hills 
that run north-south to the west of Three Springs.  This system includes scattered low trees 
of Eucalyptus wandoo and E. accedens that rise out of a thicket dominated by Allocasuarina
campestris, Grevillea petrophiloides and Dryandra species.  The associated pediplains are 
covered with a similar thicket with Eucalyptus eudesmioides emerging as a conspicuous 
feature.
Tathra System – This large system lies between the Urella fault on the east to the lower 
slopes of the Eneabba plain to the west.  A diverse scrub heath dominates the extensive 
areas of sandplain of this system with taller emergents that include Allocasuarina huegeliana, 
Eucalyptus todtiana, Banksia attenuate, B. prionotes and B. menziesii.  Smaller thickets of 
Melaleuca (M. uncinata, M. hamulosa) can be found associated with swamp country at the 
base of breakaways.  
Warro System – A gently undulating plain of deep pale yellow sand is a feature of this 
system which lies north east of Moora, west of the Darling Fault.  Banksia low woodland 
dominates this system with scrub-heath forming a transitional association following fire.  
Dominant species include Actinostrobus arenarius, Banksia attenuata, B. burdettii, 
B. prionotes, Eucalyptus todtiana, Nuytsia floribunda and Xylomelum angustifolium.  Where 
this system borders the Dandaragan System to the west a stretch of hilly country is covered 
by the Hakea obliqua scrub-heath and Dryandra-Xanthorrhea heath.   
Yarra Yarra System – A small area found south of the Mingenew System it comprises 
woodland of Eucalyptus loxophleba and E. salmonophloia, shrublands of Melaleuca uncinata
flanking drainage lines and scrub-heath on sandplain. 
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2.6 Land use 
Angela Stuart-Street, Soil Resource Officer 
Agricultural activities dominate the West Midlands (Table 4, Figure 8).  Broad acre farming is 
the main activity across the area.  There is a mix of cropping, predominantly featuring 
cereals, and livestock, which consists mainly of sheep and beef cattle.  More recently, 
however, there has been a growth in horticulture in the region, including extensive olive 
plantations, as well as areas of citrus and nut orchards.   
The coastal towns of Leeman, Jurien, Cervantes and Lancelin feature a very active fishing 
industry within the region.  These and the inland towns of Dandaragan, Badgingarra and 
Eneabba are well serviced with major transportation corridors including the Brand Highway 
and the coast road to Cervantes.  A railway line also reaches to Eneabba to transport the 
mineral sands extracted from the area to Geraldton port.  Other mining activity in the region 
includes some extensive lime sand deposits (for agricultural and other uses), gypsum, and 
limestone for building.   
Many highly significant areas of flora and unique landscapes across the West Midlands have 
been protected in National Parks and other nature conservation reserves.  These include the 
Nambung (Pinnacles), Badgingarra, Drovers Cave and Lesueur National Parks.  Additionally, 
the Lake Logue – Indoon System is listed in the Nationally Important Wetlands occurring in 
Western Australia (Environment Australia 2001). 
Table 4. Land use in the West Midlands (area and percentage of region) 
Land use Area (ha) Percentage 
Agricultural Land 788,426.41 64 
Conservation Reserves (DEC) 180,025.17 15 
Vacant Crown Land 151,152.20 12 
Other Reserves* 71,460.44 6 
Other Non-Agricultural Land** 32,866.26 3 
Forestry 2,534.18 < 1 
Total 1,226,464.66 100 
* Includes Shire and water reserves. 
** Includes urban land. 
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Figure 8. Land use in the West Midlands region. 
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3. Resource condition and future risk 
3.1 Climate change impacts 
Angela Stuart-Street, Soil Resource Officer 
Despite some conflicting stories, the information regarding climate change is real and it is 
underway (Charles 2006).
The experience of the past 30 years across south-west Western Australia has been for fewer 
rain days and fewer heavy rainfall events during winter.  There has already been a measured 
decline in annual rainfall of approximately 10 per cent since the mid 1970s (Foster 2002).  
Additionally, day and night time temperatures have increased gradually, but substantially 
over the past 50 yrs, especially winter and autumn (IOCI 2002). 
Predicted and measured changes in climate are likely to have major land use and natural 
resource implications.  In addition to the predicted continuing reductions of rainfall, an 
increase in maximum temperatures is expected (days > 35?C), more frequent and intense 
droughts, more bushfires and extreme weather events, and a rise in sea levels are all 
forecast.  Lower rainfall will also result in a sharp reduction in streamflow (IOCI 2002). 
These changes may also have an effect on the unique conservation areas in the region, as 
habitats for flora and fauna will be impacted (Charles 2006). 
Future farming and resource management within the region needs to include an emphasis on 
uncertainty and risk management planning to develop flexible strategies to cope with the 
projected effects of climate change.  It is important to cover extreme scenarios for risk 
assessment, even though they may have a low probability. 
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3.2 Land management hazards 
Angela Stuart-Street, Soil Resource Officer 
An estimate of the major land management hazards across the West Midlands region has 
been undertaken (Department of Agriculture and Food Map Unit Database 2006).  Many of 
these hazards are difficult to see on the ground because of their insidious nature.  They all 
have an impact on the sustainability and productivity of agricultural activities.  Most of these 
hazards are preventable or reversible using correct management techniques, which are 
outlined in Section 4.1 of this report.  Salinity hazards and risks are discussed in detail in 
Section 3.3 of this report.   
3.2.1 Wind erosion 
Wind erosion is most common on loose, coarse, dry surface soils.  In this sub-region, 
approximately 73 per cent of soils have a high to very high wind erosion hazard.  Prefrontal 
winds in autumn and winter in the West Midlands region often cause wind erosion on 
cultivated or unprotected paddocks.  The risk of erosion is increased if the front fails to bring 
rain.  Erosive winds can, however, occur from any direction at any time of the year on any 
soil if it is left open to stripping.  Pale deep sand and Yellow deep sand are the most 
susceptible soils.   
3.2.2 Subsurface acidity 
Susceptibility to subsurface acidification is when soil is at risk of becoming acidic below the 
cultivation layer (deeper than 10 cm) as a result of land management practices 
(van Gool et al. 2005).  The soils that either currently exhibit subsoil acidity or are likely to in 
the next 10 years make up 53 per cent of land in the area.  All deep sands, including Gravelly 
pale deep sand (sand over gravel), are highly susceptible to subsurface acidity. 
3.2.5 Water repellence  
This condition occurs mainly on sandy soils where there is low clay content (< 5 per cent).  
Forty three per cent of soils in this region are highly susceptible to water repellence, which 
leads to an uneven soil wetting pattern at the break of the season.  Pale deep sand and 
gravelly soils are the most susceptible. 
3.2.3 Subsoil compaction  
Soil compaction is the reduction in soil pore size and total pore space through applied 
stresses, particularly vehicular traffic.  Thirteen per cent of soil in the West Midlands is highly 
susceptible to this form of degradation.  Yellow deep sand is the most vulnerable soil.   
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3.3 Hydrological risk 
3.3.1 Groundwater 
Throughout the Northern Agricultural Region, evidence of rising groundwater trends are most 
prominent and consistent in the Perth Basin.  It appears that the highest rates of groundwater 
rise are observed in the regional groundwater system when there is overlying perched 
groundwater.  This observation is not readily simply explained by downward leakage. 
For example, at a site 17 km south of Dandaragan drilling explored the profile to a depth of 
20 m.  A perched aquifer is present in earthy material with a saturated thickness of about four 
metres.  The groundwater is perching on a four metre thick clay aquitard.  This perched 
aquifer is in connection with the Caren Caren Brook, a fresh perennial stream maintained by 
groundwater contribution to base flow. 
Below the clay aquitard, a piezometer was screened in dry red sand.  The piezometer 
produced a constant discharge of gas but no groundwater from December 1993 to July 1997.  
From September 1997, this piezometer has intersected fresh groundwater that is probably 
regional groundwater. 
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Figure 9. Groundwater hydrographs for site DN5 near Dandaragan.  The upper perched watertable 
monitored in the observation well shows watertable fluctuation in response to seasonal 
rainfall but no longer term trend.  The piezometer discharged gas until Jul 1997 and since 
Sept 1997 a persistently rising groundwater trend of 0.7 m/yr has been observed.  
Figure 9 shows groundwater hydrographs for the perched and regional groundwater at this 
site.  The upper perched aquifer at this site shows watertable fluctuation in response to 
seasonal rainfall but no longer term trend.  It is this saturated zone that contributes to base 
flow in the Caren Caren Brook.
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The regional groundwater exhibits a persistently rising trend of 0.7 m/yr.  In the north-east of 
the West Midlands the regional watertable in the Parmelia Formation has been monitored in 
the Nebru catchment since 1998.  The groundwater monitoring site (AR3) is located about 
500 m west of the Urella Fault.  The groundwater hydrograph for the observation bore shows 
a persistently rising trend of 0.3 m/yr (Figure 10). 
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Figure 10. Groundwater hydrograph for observation bore AR3 monitoring the regional watertable in the 
Parmelia Formation about 500 m west of the Urella Fault in the Nebru catchment. 
The differences in the rates of groundwater rise observed at Dandaragan and in the Nebru 
catchment most likely result from differences in rainfall. 
The other factor significantly influencing groundwater rise in the Perth Basin is land clearing.  
Rising groundwater has only been observed at sites that are within or adjacent to land 
cleared for agriculture.  There are large tracts of native remnant vegetation in the West 
Midlands and groundwater monitoring sites located in the midst of these areas are yet to 
conclusively display rising trends.   
Figure 11 shows groundwater hydrographs from two monitoring sites screened in the upper 
Yarragadee Formation underlying the Geraldton Coastal Zone (221) and adjacent 
Arrowsmith Zone (224) about 20 km north of Eneabba.  The groundwater monitoring site 
LS25 is surrounded by cleared land in the Arrowsmith Zone.  A rising groundwater trend of 
about 0.2 m/yr is apparent in this hydrograph.  
In contrast, site LS23 is located deep in the midst of a large tract of native remnant 
vegetation and is at least 7.5 km from cleared land.  It is located about 14 km west of site 
LS25 and hydraulically down gradient however the regional groundwater gradient in the 
upper Yarragadee Formation between these two sites is less than 0.5 per cent.  The  
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groundwater hydrograph for LS23 shown in Figure 11 displays a significant episode of 
recharge in response to wet conditions in 1999.  Since then the groundwater level has 
subsided and there is no conclusive evidence of a rising trend. 
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Figure 11. Groundwater hydrographs for two sites in the upper Yarragadee Formation near Eneabba.  
Site LS25 is surrounded by cleared land and exhibits a rising groundwater trend.  Site LS23 is 
located within remnant native vegetation and there is no apparent groundwater trend.    
Rising groundwater poses a considerable future salinity threat in the West Midlands.  While 
groundwater is often fresh, high evaporation rates have the potential to transform fresh 
seeps into saline scalds. 
Throughout much of the West Midlands the depth to regional groundwater is typically tens of 
metres and rising groundwater can alternatively be viewed as an increasing water resource. 
Understanding the nature of perched watertables and surficial aquifers is fundamental to 
strategic management.  Further to this, determining between perched and regional 
groundwater systems is also important.  Designing treatment requires knowledge of the size 
of the problem, or the opportunity shallow groundwater presents. 
3.3.2 Surface water 
Lyle Mildenhall, Land and Water Development Officer 
There is limited data on surface water bodies in the West Midlands including the two major 
rivers, the Hill and Arrowsmith Rivers.  The Department of Water is currently conducting a 
Foreshore Assessment of the Hill River similar to those completed on several rivers in other 
regions such as the Greenough and Chapman River.  Once this is published further data on 
the quality and management issues in the Hill River will be available. 
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The Natural Resource Management Strategy prepared by the Northern Agricultural 
Catchments Council (2005) outlined several major threats to the water resources in the 
region:
3.3.2.1 Changes to hydrological regime 
Both the clearing of remnant vegetation and the increased construction of drains has resulted 
in greater runoff from catchments in the region.  In the West Midlands excess runoff has 
resulted in increased flooding of waterways and wetlands.  Records indicate that prior to 
1962 Lake Indoon was semi-permanent and usually dried out each year.  The lake is now 
permanent due to increased runoff from the surrounding catchments (NACC 2005). 
3.3.2.2 Salinity  
Widespread clearing of native vegetation has resulted in increased runoff, rising water tables 
and the transportation of large amounts of salt into receiving waterways and wetlands 
throughout the Northern Agricultural Region (NACC 2005).  
The two major rivers in the West Midlands are the Hill River and the Arrowsmith which are 
currently considered to be brackish and moderately saline in quality.  Salinity in the Hill River 
has been recorded at an average of 1800 mg/L from 1993 to 2002 (Table 5).  In 1972 this 
figure was only 448 mg/L (Public Works Department 1977). 
Mapping by the CSIRO and the Department of Agriculture Western Australia, through the 
Land monitor Program, shows that in 1988-89 the West Midlands had 9050 hectares of salt 
affected land (Table 6).  This had increased to 12960 hectares by 1998-99, an increase of 
3910 hectares (43%) in ten years (Earth Tech 2002).  Although increasing rapidly the current 
area of salt affected land in the West Midlands is estimated to be only 1.1 per cent, 
compared to approximately 7.0 per cent in the adjoining Upper Moore River catchment. 
The majority of waterlogging and salinity in the West Midlands Agricultural Region is primarily 
correlated to the Otorowiri Member, Osborne Formation, Cadda Formation and Cattamarra 
Coal Measures (formerly a member of the Cockleshell Gully Formation). 
It is suggested that the West Midlands has a high risk of developing water logging and 
salinity around localised groundwater discharge points, from either superficial or regional 
aquifers (Earth Tech 2002). 
Table 5. Salinity of the major sub-catchments in the West Midlands (Earth Tech 2002) 
Subcatchment 
Area affected  
by salinity in  
1987-89 
(ha)
Additional area 
affected by 
salinity in  
1997-98 
(ha)
Increase from 
1987-89 to 
1997-98 
(%) 
Total area 
affected by 
salinity in 1997 
(ha) and % of 
catchment 
Logue 1,925 975 51 2,900 (3.39%) 
North Coastal Dunes 2,626 285 11 2,911 (2.43%) 
617 266 64 24 330 (1.16%) 
Minulyo 2,410 1,502 62 3,912 (0.99%) 
Arrowsmith 834 300 36 1,134 (0.62%) 
Hill River 937 748 80 1,685 (0.46%) 
Cockleshell 5 8 160 13 (0.21%) 
South Coastal Dunes 51 31 61 82 (0.16%) 
Total 9,054 3,913 43 12,967 (1.05%) 
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Table 6. Salinity of the Major Rivers in the West Midlands (modified from Mayer et al. 2005) 
Watercourse 1996 clearing Area (km2) Salinity status 1993-2002 mean salinity (mg/L) 
Hill River - 1,141 Brackish 1,800 
Arrowsmith River 60 810 Moderately Saline 2,900 
3.3.2.3 Erosion 
The loss of riparian vegetation and increased runoff in the West Midlands has caused 
erosion of river banks and damage to infrastructure.  Flooding in the past has created 
washouts on roads and transported large amounts of sediment downstream in the Hill and 
Arrowsmith Rivers (Public Works Department 1977).  The headwaters of both of these rivers 
are the most severely affected by erosion due to steep slopes and high runoff (Speed pers. 
comm.). 
3.3.2.4 Farm Water Supply 
The West Midlands Region generally has good quality groundwater that can be used for farm 
water supply.  Access creates a problem however because most of the groundwater in the 
region is more than 100 metres below the surface.  This means that the production of bores 
and their maintenance is expensive, sometimes amounting to $40,000 per bore (Laing et al.
1988).
Supply from surface water management structures is often limited due to the low clay content 
and high permeability of the soils (Laing et al. 1988).  This results in very low yields from 
structures such as grade banks, roaded catchments and waterways and low holding capacity 
for dams.  One survey of the West Midlands found that 57 per cent of farm dams leaked 
excessively (Laing 2000). 
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3.4 Native vegetation condition and risks 
Mike Clarke, Revegetation Officer 
3.4.1 Native vegetation representation 
There are currently 578,256 ha of remnant vegetation remaining in the West Midlands 
Region that represents about 47 per cent of what originally grew  (Figure 12) The 
Bassendean, Illyarrie, Lesueur and Tathra Systems now account for around 57 per cent of 
the vegetation remaining (Table 7). 
When compared to other regions in the South West Land Division the amount of remnant 
vegetation remaining is relatively high, particularly when compared to the wheatbelt with only 
7 per cent remaining (Hobbs et al. 1993).  Most of the West Midlands Region vegetation is 
found in National Parks and Nature Reserves.  The region boasts seven National Parks 
including Nambung, Badgingarra, Watheroo, Alexander Morrison, Drover’s Cave, Lesueur 
and Tathra.  Approximately 24 per cent of the remnant vegetation of the West Midlands 
Region is found on private land with the remaining in Nature Reserves, National Parks and 
Vacant Crown Land (Hunt and Patterson 2004)  
The native vegetation contains 113 species of priority flora and 41 species of declared rare 
flora (Appendix 3). 
3.4.2 Native vegetation at risk 
The remaining native vegetation is threatened by rising water tables, excess grazing, 
damage from herbicide and fertiliser drift, dieback (Phytophthora sp.) disease, weed 
invasion, altered fire regimes and urban expansion.   
Another fungal disease that is particularly damaging to remnant vegetation apart from 
Phytophthora is the honey fungus (Armillaria luteobubalina) (Northern Agricultural 
Catchments Council 2005).  The disease Mundulla Yellows has also been recorded in the 
region although its impacts are not well documented (Northern Agricultural Catchments 
Council 2005). 
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Table 7. Vegetation systems and extent changes 
Vegetation system Original pre-clearing extent (ha) Present cover (ha) 
% remaining of original 
extent 
BASSENDEAN 104,258 70,751 68 
CLIFF HEAD 27,338 22,695 83 
DANDARAGAN 88,369 9,389 11 
ERIDOON 74,894 48,954 65 
GAIRDNER 29,870 19,046 64 
GINGIN 408 22 5 
GUILDERTON 77,102 61,787 80 
ILLYARRIE 72,221 69,124 96 
JURIEN 83,794 56,611 68 
KOOJAN 21,335 2,728 13 
LE SUEUR 235,834 80,312 34 
MARCHAGEE 21,203 14,152 67 
MINGENEW 3,336 761 23 
MULLINGARRA 13,835 1,876 14 
TATHRA 315,988 107,274 34 
WARRO 51,799 12,433 24 
YARRA YARRA 1,751 343 20 
Totals 1,223,335 578,256 47 
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Figure 12. Current extent of remnant vegetation in the West Midlands. 
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4. Management options and impacts 
This section outlines options for identifying land use risks and their management in the West 
Midlands to reduce incidence of future degradation. 
4.1 Land management 
Angela Stuart-Street, Soil Resource Officer  
The five main supergroups and soil groups which are found in the West Midlands are 
presented in the following pages (Table 8).  A brief description of the soil is provided, 
problems associated with the soils are outlined, and the main management options are 
offered.  For more detailed information about land management options, see the Department 
of Agriculture and Food Resource Management Technical Report No. 289 (Hunt and 
Patterson 2004) and Soilguide (Moore 1998). 
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Table 8. Land management options for the major Soil and Super Groups in the West Midlands Region 
PALE DEEP SAND (22% of region) SOIL & WATER PROBLEMS RECOMMENDED MANAGEMENT OPTIONS 
Characteristics: 
Often referred to as “gutless sand” or “silver loam”, Pale 
deep sand is generally non-calcareous white, grey or 
pale yellow, > 80 cm deep, and may contain a few 
ironstone gravels. 
? Poor fertility and water-holding 
characteristics.  Most major and 
micronutrients are limiting, as this soil has 
very limited capacity to retain nutrients.  
? Nutrient leaching and groundwater recharge 
are significant issues. 
? Very low water availability due to poor 
water-holding capacity and patchy 
infiltration of early rains caused by water 
repellence.  
? Prone to wind erosion in exposed positions. 
? High groundwater recharge hazard. 
? Moderate risk of traffic pan developing.   
? High risk of water repellence, especially 
early in the season until the soil wets up. 
? Water erosion is generally a low risk, but 
higher where run-off comes from non-
wetting gravel outcrops upslope. 
? Nitrogen, phosphorus, potassium and trace elements should be 
applied to maintain fertility.  Soil test regularly to determine your 
requirements and avoid excessive applications. 
? If compaction is a problem, crops and pastures will respond to 
deep ripping. 
? To protect from wind erosion, stubble retention, restricted 
grazing in summer and autumn and establishment of wind 
breaks or perennials such as tagasaste are necessary.  
Maintenance of approximately 50% or more groundcover is best 
for protection.  Fence off problem areas and place gravel around 
stock watering points, camps and gates. 
? These soils may become acid, therefore periodic monitoring of 
surface and subsurface pH is recommended.  Liming may be 
required. 
? Water repellence can be managed by installing furrows on the 
contour when cropping to harvest water and promote even 
wetting around the seed.   
? Claying water repellent soils may be an option to consider where 
the problem is widespread – trying test strips first is a good 
option. 
? Perennial options are preferred for this soil, including pine 
plantations (in higher rainfall areas), tagasaste and pastures 
such as the evergreen sandplain mix. 
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YELLOW DEEP SAND (21% of region) SOIL & WATER PROBLEMS RECOMMENDED MANAGEMENT OPTIONS 
Characteristics: 
Yellow sand deeper than 80 cm, generally on sandplains 
and slopes.  May contain ironstone gravels at depth. 
? Soils are acidic or highly susceptible to 
acidification. 
? High wind erosion hazard in exposed 
positions. 
? Susceptible to water repellence (non-
wetting). 
? Moderately to highly susceptible to 
subsurface compaction (traffic pans). 
? Low soil water storage in sandy topsoils. 
? Most major and micronutrients are limiting.  
Very limited capacity to retain nutrients.   
? Although water-holding capacity of the 
sandy topsoil is poor, the clay content 
increases with depth to a clayey sand which 
can retain reasonable quantities of water. 
? To manage acidity, periodic monitoring is advisable and liming is 
recommended.
? Nitrogen, phosphorus, potassium and trace elements should be 
applied to maintain fertility.  Soil test regularly. 
? If compaction is a problem, crops and pastures will respond to 
deep ripping. 
? Water repellence can be managed by installing furrows on the 
contour when cropping to harvest water and promote even 
wetting around the seed.  Claying water repellent soils may be 
an option to consider where the problem is widespread – trying 
test strips first is a good option. 
? To protect from wind erosion, stubble retention, restricted 
grazing in summer and autumn and establishment of wind 
breaks or perennials such as tagasaste are necessary.  
Maintenance of approximately 50% or more groundcover is best 
for protection.
? Perennial options are preferred for this soil, including pine 
plantations (in higher rainfall areas), tagasaste and pastures 
such as the evergreen sandplain mix. 
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IRONSTONE GRAVELLY SOILS (15% of region) SOIL & WATER PROBLEMS RECOMMENDED MANAGEMENT OPTIONS 
Characteristics: 
These are soils that have an ironstone gravel layer 
(> 20% and > 20 cm thick) or ferricrete within the top 
15 cm, and ironstone gravels are a dominant feature of 
the profile. 
? High gravel content limits water-holding 
capacity of the soil, especially in shallow 
gravels.  Gravels with a loamy matrix have a 
better water holding capacity.  
? Phosphorus is commonly deficient and 
manganese deficiency may also be 
common.  Limited capacity to retain 
nutrients.
? A seasonal perched watertable may occur 
in gravels over clay (duplex sandy gravel 
soils).
? Gravel contents may limit soil workability. 
? May be a high recharge hazard. 
? Moderate acidity risk. 
? Shallow cemented gravel layers and tightly 
packed gravels restrict root growth.  
? Porosity may decline with cultivation. 
? Moderate risk of wind erosion.  If there is 
abundant gravel on the surface or the 
surface is firm, wind erosion may not be a 
problem. 
? Soil test regularly to maintain optimum fertility.   
? Where pH is low, periodic monitoring is advisable and liming is 
recommended.
? Where the gravel is tightly packed and the cemented gravel is 
close to the surface, soil capability is very low to moderate. 
? Restricted grazing in summer and autumn is necessary to 
protect this soil.  Abundant gravel and a firm surface will reduce 
problems.  Maintenance of approximately 50% or more 
groundcover is best for protection.   
? Crops and pastures may respond to deep ripping if gravel 
contents are not too high and a shallow cemented layer is not 
present. 
? Perennial options are favoured here to reduce recharge levels.  
Lucerne is recommended for gravels in addition to the evergreen 
pasture mix. 
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SHALLOW SANDS (8% of region) SOIL & WATER PROBLEMS RECOMMENDED MANAGEMENT OPTIONS 
Characteristics: 
These are sands that are shallower than or equal to 
80 cm over rock, hardpan or other cemented layer. 
? Shallow soil depth limits rooting depth and 
water-holding capacity.   
? Water availability is low to moderate. 
? In alkaline (calcareous) shallow sands, the 
high pH may limit the growth of some 
agricultural species. 
? Hard underlying layers, such as limestone, 
may cause seasonally perched watertables. 
? Soil depth may vary over short distances. 
? Moderate to high water repellence hazard ?
poor and patchy infiltration of early rains. 
? Soil acidity may be a problem in non-
calcareous sands. 
? Limited capacity to retain nutrients and most 
major and micronutrients will be limiting.   
? Very high wind erosion risk because of the 
high fine sand content and proximity to the 
coast and strong winds.   
? Soil test regularly and Nitrogen, phosphorus, potassium and 
trace elements should be applied where required. 
? Water repellence can be managed by installing furrows on the 
contour when cropping to harvest water and promote even 
wetting around the seed.  Claying water repellent soils may be 
an option to consider where the problem is widespread – trying 
test strips first is a good option. 
? Careful grazing management from mid-spring to early winter and 
wind breaks are necessary.  Maintenance of approximately 50% 
or more groundcover is best for protection.
? Where pH is low, periodic monitoring is advisable and liming is 
recommended.
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DEEP SANDY DUPLEX SOILS (5% of region) SOIL & WATER PROBLEMS RECOMMENDED MANAGEMENT OPTIONS 
Characteristics: 
These soils (often called sand over clay) have a sandy 
surface and a texture or permeability contrast layer at 30 
to 80 cm. 
? Can be prone to wind erosion if surface left 
unprotected. 
? Seasonal waterlogging over the clay may 
occur, especially on lower slopes and flatter 
areas.
? Subsoils may be dispersive. 
? Susceptible to soil acidity. 
? Sandy topsoils may display water 
repellence, poor and patchy infiltration of 
early rains.   
? Soil water storage in sandy topsoils may be 
low. 
? Prone to acidification. 
? Most nutrients, including trace elements, 
may be limiting.  The topsoil has limited 
capacity to retain nutrients but the subsoil is 
better.
? Possible traffic pan development. 
? Moderate water availability because of poor 
water-holding capacity of the sandy topsoil 
and the clay layer slows water flow and 
retains it for crops. 
? Periodic monitoring of both surface and subsurface pH is 
needed and apply lime where required. 
? Crops and pastures are likely to respond to deep ripping where 
the clay layer is deeper than 30 cm. 
? Stubble retention, restricted grazing in summer and autumn and 
establishment of wind breaks are necessary.  Maintenance of 
approximately 50% or more groundcover is best for protection 
from wind erosion.   
? Soil test regularly to maintain optimum nutrient levels. 
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4.2 Water management 
4.2.1 Groundwater management 
Russel Speed, Regional Hydrologist 
In the Irwin Sub-basin groundwater management does not appear to be required at this 
stage but groundwater monitoring is imperative to provide the earliest indication of future risk. 
Groundwater management in the remainder of the Perth Basin is a priority resource 
management issue.  Rising groundwater levels can be considered a growing resource of 
fresh water in the regional aquifers that supply most of the towns in the West Midlands 
Region.  However, as watertables rise to intersect the land surface and groundwater 
discharge occurs by evaporation, the evaporative concentration of salt from even relatively 
fresh sources of groundwater will exacerbate degradation. 
Identifying management options, however, is problematic.  The Perth Basin aquifers are 
regionally extensive and span vast areas encompassing many individual farms.  Determining 
the most appropriate groundwater management plans requires further investigation. 
4.2.2 Surface water management 
Frank Rickwood, Land Conservation Officer 
The West Midlands RCA study area is comprised of six Soil-Landscape Zones.  Table 9 
shows the main slope classes and the areas they cover in each of the Soil-Landscape Zones 
of the West Midlands region.  These areas are also shown as a percentage of the total area 
of each zone.  For example, 12 per cent (47,110 ha) of the Arrowsmith Zone is in the 0-1 per 
cent slope class, and 44 per cent (8,147 ha) of the Lockier Zone is in the 2-3 per cent slope 
class.
Table 9. Main slope classes and the areas they cover in the Soil-Landscape Zones 
Slope 
Zones 
0-1% 2-3% 4-5% 6-10% > 10% 
Arrowsmith Zone 
47,110 ha 
(12%)
152,970 ha 
(40%)
119,380 ha 
(31%)
57680 ha 
(15%)
9690 ha 
(3%)
Bassendean Zone 
61,850 ha 
(62%)
26,960 ha 
(27%)
6,670 ha 
(7%)
3510 ha 
(4%)
320 ha 
(< 1%) 
Dandaragan Plateau 
Zone 
110,590 ha 
(29%)
160,060 ha 
(42%)
85,430 ha 
(23%)
21,180 ha 
(6%)
1360 ha 
(< 1%) 
Geraldton Coastal 
Zone 
83,420 ha 
(45%)
59,230 ha 
(32%)
24,790 ha 
(13%)
9250 ha 
(5%)
1790 ha 
(1%)
Lockier Zone 
5930 ha 
(32%)
8150 ha 
(44%)
2920 ha 
(16%)
1190 ha 
(6%)
370 ha 
(2%)
Perth Coastal Zone 
20,870 ha 
(14%)
47,100 ha 
(31%)
40,360 ha 
(26%)
32,450 ha 
(21%)
9370 ha 
(6%)
Using the data above, the risks associated with surface water flows are considered with 
reference to the slopes and their dominance within each of the zones: 
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Slopes 0%-1% (e.g. valley floors) 
Large areas of the Bassendean, the Geraldton Coastal and Lockier Zones have extensive 
areas with these lower landscape positions.  Waterlogging, flooding and ponding are 
problems that occur on lower landscapes with low gradients and where clayey and duplex 
soils or soils with a hardpan are present.  Earthworks such as shallow relief drains, W-drains 
and leveed waterways may be required to reduce the occurrence of waterlogging and move 
water to a defined drainage line.  Salinity will occur in places where water is allowed to 
accumulate.  Landscapes with slopes less than 3 per cent are termed as receiving 
landscapes in that they receive run on from the slopes above. 
This slope class covers 27 per cent of the West Midlands Region. 
Slopes 2%-3% 
Water erosion can occur when run-off is generated down slopes in the 2 per cent to 3 per 
cent range.  This is particularly the case on long, low slopes that provide an opportunity for 
increased erosion with an increase in erosive velocity.  On lower slopes where duplex soils 
(sand over clay) are present and water is held on top of the clay, waterlogging can be a 
problem.
This slope class covers 37 per cent of the West Midlands Region. 
Slopes 4%-5%
Water erosion will occur on susceptible soils on these slopes and where management 
practices have increased the risk of soil erosion.  Long slopes will also provide an opportunity 
for runoff to attain an erosive velocity.  Therefore, earthworks will be required where erosion 
occurs and to reduce pressure on areas at risk downslope.  Again, waterlogging can take 
place on the lower slopes in this range particularly on shallow duplex (sand over clay) soils. 
This slope class covers 23 per cent of the West Midlands Region. 
Slopes 6%-10%
Poor land management practices will contribute to water erosion on these steeper slopes.  
For example, working up and down the slope can concentrate water in furrows and lead to 
the formation of rills (small channels) and eventually gullies if left untreated. 
This slope class covers 10 per cent of the West Midlands Region. 
Slopes > 10%
Careful soil conservation measures are required where slopes > 10 per cent (breakaways 
and rocky ridges) are present in the landscape, since there is a high risk of water erosion.  
Planned earthworks may be required on eroded footslopes of breakaways to prevent gully 
formation.  The problem is increased where soils are dispersive.  Many of these steeper 
slopes should not be cleared. 
This slope class covers 2 per cent of the West Midlands Region. 
One per cent of the West Midlands Region has no slope data available. 
4.2.3 Strategies for Surface Water Management 
The objective is to reduce surface water flows with sound land management practices and 
manage the remaining flow with earthworks. 
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Practices that reduce surface water flows and prevent erosion include: 
? Maintenance of a suitable vegetative cover all year round to reduce runoff. 
? Leave a grass cover on waterways and do not rip up. 
? Working to the contour.  Avoid working directly up and down steep slopes as far as 
possible, especially on sites prone to water erosion. 
? Protection of remnant vegetation. 
? Minimise soil cultivation by using techniques such as no-till or direct drill. 
? Establishment of perennial pastures. 
? Very steep areas such as breakaways and rocky ridges should not be cleared or 
revegetate where soil erosion is a problem. 
In high rainfall events, flow velocities down slopes, particularly long slopes, have the potential 
to severely erode soils.  Earthworks such as grade banks are used on slopes where high 
runoff occurs (shedding landscapes) to reduce the flow velocity and volume and prevent soil 
erosion.  Water flows from these shedding landscapes to lower slopes and valley floors 
(receiving landscapes) where water accumulates causing waterlogging, flooding and 
groundwater recharge and loss of production. 
Shedding landscapes are slopes greater than 3 per cent and account for approximately 
35 per cent of the West Midlands Region. 
Receiving landscapes occupy approximately 64 per cent of the Region and are areas with 
lower gradients and ill-defined drainage.  Waterlogging, flooding and ponding water are often 
problems that need to be addressed and shallow relief drains (spoon drains, V-drains) and 
W-drains may be required where these occur. 
There are extensive areas of deep sands in the West Midlands Region where drains will be 
unsuitable due to the high infiltration rates.  In these situations, working to the contour and 
maintenance of a good vegetative cover will be helpful. 
It is important that before any earthworks are constructed in the landscape, a site 
investigation is carried out and planning and surveying undertaken by qualified personnel. 
Subject to site survey, the information presented in Table 10 is a guide to earthworks that 
may be required on specific slopes and landscape elements in the West Midlands Region. 
Surface water management options for the soil supergroups are provided in Table 11. 
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Table 10. Slope classes, landscape elements and suitable earthworks 
Slope 
class (%) 
Proportion of 
region (%) 
Landscape 
element Earthworks structures 
0-1 27 Valley floors to 
lower slopes 
W-drains, flat-bottomed, spoon, V-drains, leveed open deep 
drains, levee banks and leveed waterways. 
2-3 37 Lower slopes to 
mid-slopes 
Grade banks, broad based banks (on slopes >2%). 
Seepage interceptor drains & reverse bank seepage interceptor 
drains. 
Levee banks and Leveed waterways. 
4-5 23 Mid-slopes to 
upper slopes 
Grade banks & broad based banks. 
Seepage interceptor drains & reverse bank seepage interceptor 
drains. 
Levee banks and Leveed waterways. 
6-10 10 Upper slopes 
Grade banks. 
Level and absorption banks below rocky outcrops or 
breakaways where there is no waterway. 
Levee banks and Leveed waterways. 
> 10 2 Steep slopes Earthworks generally not recommended. 
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Table 11. Surface water management options for soil supergroups 
Soil supergroup Proportion of region (%) Degradation risks Suitable earthworks 
Deep sands 58 Water erosion generally not a 
problem.  May be an issue with water 
repellent soils on slopes. 
Generally earthworks structures not 
required. 
Working to the contour and maintaining 
a healthy pasture cover. 
Ironstone gravelly 
soils
15 Water erosion can occur on gravels 
over a cemented layer or clay. 
Grade banks. 
Level and absorption banks on upper 
slopes where there is no suitable 
waterway. 
Shallow sands 8 Water erosion. 
Waterlogging on lower slopes and 
valley floors. 
Grade banks. 
Seepage Interceptor banks. 
Sandy duplexes 
(deep) 
5 Waterlogging. 
Water erosion risk on slopes. 
Flooding may occur on valley floors. 
Seepage interceptor banks but check 
depth to clay. 
Grade banks. 
Shallow relief drains. 
Wet or 
waterlogged soils 
3 Water erosion on slopes. 
Waterlogging. 
Flooding on the valley floors. 
Salinity. 
Grade banks. 
Seepage interceptor banks above. 
Shallow relief drains (Spoon drains, 
V-drains, W-drains) on flatter sections 
or deep drains, but careful investigation 
of the site/s is required before 
construction.
Rocky or stony 
soils
3 Water erosion on slopes below rocky 
ridges or breakaways. 
Grade banks below water shedding 
areas.
Level banks or absorption banks where 
there is no suitable waterway. 
Sandy duplexes 
(shallow) 
2 Water erosion. 
Waterlogging. 
Flooding on the valley floors. 
Grade banks. 
Seepage Interceptor banks, but check 
depth to clay. 
Shallow relief drains. 
Sandy earths 2 Surface water erosion generally not a 
problem. 
Working to the contour and maintaining 
a healthy ground cover. 
Loamy earths 1 Water erosion. 
Waterlogging (in wet years). 
Sometimes saline. 
Grade banks. 
Seepage Interceptor banks above, but 
check depth to clay. 
Loamy duplexes, 
shallow 
1 Water erosion. 
Waterlogging. 
Flooding on valley floors. 
Grade banks. 
Seepage Interceptor banks above, but 
check depth to clay. 
Shallow relief drains. 
4.2.4 Deep drainage 
An owner or occupier of land intending to drain or pump groundwater for the purpose of 
controlling salinity, is required to lodge a Notice of Intent with the Commissioner of Soil and 
Land Conservation at least 90 days before commencement of the drainage or pumping 
activity.  This includes draining or pumping within a single landholding. 
Landholders carrying out drainage activities should also be aware of their duty of care to 
those affected by their actions.  They should consult with affected persons and avoid causing 
damage to their properties. 
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4.3 Vegetation management 
Mike Clarke, Revegetation Officer 
4.3.1 Enhancing remnant vegetation  
Remnant vegetation on farmland can be enhanced by: 
? Fencing out stock to prevent eating of regenerating plants, soil compaction, 
introduction of weed seeds and nutrients in the form of dung. 
? Planting at least five or six rows of trees and shrubs around the perimeter of the 
remnant to act as a buffer strip against degradation, such as weed invasion and 
chemical drift.  These plantings also enhance water use, particularly if the remnant is 
found near rocky outcrops.  
? Creating links with other remnants through revegetated wildlife corridors.  Drainage 
lines are good sites for corridors as they can link the top of the catchment to the 
bottom.  Wildlife corridors should be wide and structurally diverse and the species 
planted should reflect the original vegetation.  
4.3.2 Revegetation for salinity control 
When revegetating to manage sandplain seeps, plantings should extend the entire width of 
the seep on the upslope side and contain eight to ten rows of trees and shrubs on five by five 
metre spacing.  Tree and shrub plantings need to be located in areas where they can 
maximise their water using ability.  The following areas in the region are suggested for 
strategic plantings: 
? At the break of slope, above the valley floor. 
? Above seepage areas. 
? Below rocky outcrops. 
? At the change of soil type texture, particularly from a sand to loam or clay. 
? Flanking drainage lines. 
? On salt-affected areas with plants such as melaleuca, saltbush, samphire, bluebush 
and Balansa clover. 
Saltland areas should be fenced to enable salt tolerant plants to establish naturally.  In 
saltland areas which may be waterlogged for periods up to two weeks, saltbush pastures, 
such as River Saltbush (Atriplex amnicola), Wavy Leaf Saltbush (A. undulata) and Old man 
Saltbush (A. nummularia) are recommended. 
4.3.2 Commercial revegetation 
At present, potential commercial tree options for the region include: 
? Maritime pine 
? Oil mallees 
? Sandalwood 
? Broombush 
? Various eucalypts for commercial timber crops.   
Other perennial options may include grasses, lucerne and fodder shrubs such as Acacia
saligna and tagasaste. 
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4.3.3 Revegetating drainage lines 
Many of the main drainage channels in the region have remnant vegetation, flanking its 
margins, which should regenerate if protected from grazing. 
When revegetating areas which flank drainage lines, construct a similar community of plants 
that would have grown there originally.  Start with the most salt-tolerant closest to the 
drainage channel.  A minimum vegetated width of 50 m either side would be suitable for the 
major river channels in the region.  Also make sure that excess surface water is controlled, 
particularly if the area to be planted is showing signs of salinity. 
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Appendix 1. Soil groups of the West Midlands Region 
WA Soil Group Area (ha) Per cent 
Pale deep sand 268,000 22 
Yellow deep sand 253,000 21 
Gravelly pale deep sand 100,000 8 
Deep sandy gravel 90,000 7 
Duplex sandy gravel 56,000 5 
Calcareous deep sand 52,000 4 
Yellow/brown shallow sand 49,000 4 
Grey deep sandy duplex 47,000 4 
Calcareous shallow sand 40,000 3 
Shallow gravel 32,000 3 
Bare rock 27,000 2 
Brown deep sand 25,000 2 
Semi-wet soil 20,000 2 
Red deep sand 17,000 1 
Grey shallow sandy duplex 16,000 1 
Yellow/brown deep sandy duplex 13,000 1 
Loamy gravel 10,000 1 
Brown loamy earth 10,000 1 
Yellow sandy earth 9,000 1 
Pale shallow sand 9,000 1 
Wet soil 7,000 1 
Saline wet soil 6,000 < 1 
Yellow/brown shallow sandy duplex 6,000 < 1 
Pale sandy earth 5,000 < 1 
Stony soil 4,000 < 1 
Red shallow sand 4,000 < 1 
Red loamy earth 4,000 < 1 
Red/brown non-cracking clay 4,000 < 1 
Disturbed land 3,000 < 1 
Brown sandy earth 3,000 < 1 
Grey non-cracking clay 3,000 < 1 
Red deep sandy duplex 3,000 < 1 
Red shallow loam 3,000 < 1 
Yellow/brown shallow loamy duplex 3,000 < 1 
Red sandy earth 2,000 < 1 
Red shallow loamy duplex 2,000 < 1 
Undifferentiated soils 2,000 < 1 
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Appendix 1 continued ... 
WA Soil Group Area (ha) Per cent 
Hard cracking clay 2,000 < 1 
Grey shallow loamy duplex 2,000 < 1 
Sandy duplexes supergroup 2,000 < 1 
Calcareous loamy earth 2,000 < 1 
Shallow loams supergroup 1,000 < 1 
Salt lake soil 1,000 < 1 
Brown deep loamy duplex 1,000 < 1 
Calcareous stony soil 1,000 < 1 
Alkaline grey deep sandy duplex 1,000 < 1 
Loamy earths supergroup 1,000 < 1 
Water 1,000 < 1 
Yellow loamy earth 600 < 1 
Red shallow sandy duplex 300 < 1 
Calcareous shallow loam 300 < 1 
Red deep loamy duplex 300 < 1 
Ironstone gravelly soils supergroup 200 < 1 
Loamy duplexes supergroup 200 < 1 
Alkaline red shallow loamy duplex 200 < 1 
No suitable group 100 < 1 
Alkaline grey shallow sandy duplex 100 < 1 
Reticulite deep sandy duplex 70 < 1 
Sandy earths supergroup 60 < 1 
Shallow sands supergroup 30 < 1 
Self-mulching cracking clay 10 < 1 
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Appendix 2. Main soil supergroups of Soil-Landscape Zones 
within the West Midland region 
Zone Soil supergroup Per cent in zone 
Deep sands 49 
Ironstone gravelly soils 27 
Deep sandy duplex  4 
Arrowsmith (224) 
Other soils 20 
Deep sand 70 
Ironstone gravelly soils 20 Dandaragan Plateau (222) 
Other soils 10 
Deep sands 55 
Shallow sands 25 
Sandy duplex soils (deep) 5 
Wet or waterlogged 4 
Geraldton Coastal (221) 
Other soils 11 
Deep sands 56 
Shallow sands 27 
Rocky or stony soils 15 
Perth Coastal (211) 
Other soils 2 
Deep sands 70 
Wet or waterlogged soils 17 
Sandy duplex soils (deep) 10 
Bassendean (212) 
Other soils 3 
Deep sand 22 
Sandy duplex soils (deep) 20 
Loamy earth 15 
Shallow loamy duplex 10 
Shallow loams 7 
Ironstone gravelly soils 7 
Lockier (226) 
Other soils 19 
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Appendix 3.  Rare and priority flora of the West Midlands Region 
Table 1. Declared rare and priority flora 
Species Status Species Status
Acacia carens 2 Caustis gigas 2
Acacia congesta subsp. cliftoniana 1 Chamelaucium griffinii R
Acacia cummingiana 3 Chordifex chaunocoleus 4
Acacia flabellifolia 2 Comesperma rhadinocarpum 2
Acacia forrestiana R Corymbia chlorolampra 1
Acacia lanceolata 2 Dampiera tephrea 2
Acacia recurvata R Darwinia sanguinea 4
Acacia splendens R Daviesia chapmanii 4
Acacia vittata 2 Daviesia debilior subsp. debilior 2
Acacia wilsonii R Daviesia epiphyllum 3
Allocasuarina ramosissima 3 Daviesia pteroclada 3
Andersonia gracilis R Daviesia speciosa R
Andersonia longifolia 2 Diuris recurva 4
Anigozanthos humilis subsp. chrysanthus 4 Diuris sp. Arrowsmith (K.W. Dixon 924) 1
Anigozanthos viridis subsp. terraspectans R Drakaea elastica R
Arnocrinum gracillimum 2 Drosera marchantii subsp. prophylla 1
Asterolasia drummondii 4 Dryandra borealis subsp. elatior 3
Astroloma sp. Cataby (E.A. Griffin 1022) 4 Dryandra catoglypta 2
Baeckea sp. Bunny Road (S. Patrick 4059) 2 Dryandra cypholoba 3
Baeckea sp. Three Springs (M.E. Trudgen 
5368)
2 Dryandra lindleyana subsp. pollosta 3
Banksia micrantha 3 Dryandra prionotes 1
Banksia tricuspis 4 Dryandra serratuloides subsp. perissa R
Beaufortia bicolor 3 Eleocharis keigheryi R
Beaufortia eriocephala 3 Eremophila microtheca 4
Beyeria cygnorum 3 Eucalyptus absita R
Boronia tenuis 4 Eucalyptus absita x loxophleba 1
Calytrix chrysantha 3 Eucalyptus annuliformis 1
Calytrix drummondii 3 Eucalyptus argutifolia R
Calytrix eneabbensis 3 Eucalyptus balanites R
Calytrix superba 3 Eucalyptus crispata R
Eucalyptus dolorosa R Hakea megalosperma R
Eucalyptus exilis 4 Haloragis tenuifolia 3
Eucalyptus foecunda subsp. Coolimba (M.I.H. 
Brooker 9556)
3 Hemiandra gardneri R
Eucalyptus impensa R Jacksonia anthoclada 3
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Table 1 continued … 
Species Status Species Status
Eucalyptus johnsoniana R Jacksonia carduacea 3
Eucalyptus lateritica R Lasiopetalum molle subsp. boothendarrense 2
Eucalyptus leprophloia R Leucopogon marginatus R
Eucalyptus loxophleba x wandoo 4 Leucopogon obtectus R
Eucalyptus macrocarpa subsp. elachantha 4 Leucopogon plumuliflorus 2
Eucalyptus macrocarpa x pyriformis 3 Loxocarya gigas 2
Eucalyptus pendens 4 Macarthuria keigheryi R
Eucalyptus rhodantha var. petiolaris 4 Malleostemon sp. Cooljarloo (B. Backhouse 
s.n. 16/11/88)
1
Eucalyptus rhodantha var. rhodantha R Micromyrtus rogeri 1
Eucalyptus suberea R Micromyrtus uniovula 2
Eucalyptus x carnabyi 4 Myriocephalus appendiculatus 3
Eucalyptus zopherophloia 4 Olax scalariformis 3
Gastrolobium axillare 3 Paracaleana dixonii R
Gastrolobium callistachys 4 Patersonia spirifolia R
Gompholobium gairdnerianum 3 Persoonia rudis 3
Grevillea althoferorum R Petrophile clavata 2
Grevillea batrachioides R Ptychosema pusillum R
Grevillea biformis subsp. cymbiformis 2 Scaevola eneabba 2
Grevillea calliantha R Scholtzia sp.Yandanooka (R. Soullier 646) 1
Grevillea curviloba subsp. incurva R Spirogardnera rubescens R
Grevillea drummondii 4 Stachystemon axillaris 4
Grevillea humifusa R Stawellia dimorphantha R
Grevillea saccata 4 Stylidium aeonioides 2
Grevillea synapheae subsp. minyulo 1 Stylidium maritimum 3
Grevillea thelemanniana 4 Synaphea endothrix 2
Guichenotia quasicalva 2 Synaphea sparsiflora 2
Hemiandra hancocksiana 4 Tetratheca nephelioides R
Hemigenia pimelifolia 2 Thelymitra stellata R
Hensmania chapmanii R Thomasia formosa 1
Hibbertia spicata subsp. leptotheca 3 Thryptomene sp. Mingenew (Diels & Pritzel 
332)
3
Homalocalyx chapmanii 1 Thysanotus anceps 3
Hypocalymma gardneri 2 Thysanotus glaucus 4
Hypocalymma serrulatum 3 Tricoryne sp. Eneabba (E.A. Griffin 1200) 2
Hypocalymma sp. Cataby (G.J. Keighery 5151) 1 Verticordia albida R
Hypocalymma tenuatum 2 Verticordia amphigia 3
Hypocalymma tetrapterum 3 Verticordia argentea 2
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Table 1 continued … 
Species Status
Verticordia aurea 4
Verticordia blepharophylla 2
Verticordia dasystylis subsp. oestopoia 1
Verticordia fragrans 3
Verticordia insignis subsp. eomagis 3
Verticordia lindleyi subsp. lindleyi 4
Verticordia luteola var. luteola 3
Verticordia luteola var. rosea 1
Verticordia muelleriana subsp. muelleriana 3
Verticordia penicillaris 4
Verticordia rutilastra 3
Source:  Department of Environment and Conservation Threatened Flora database (2006).  It should be noted 
that the supplied data do not necessarily represent a comprehensive listing of the rare flora of the area in 
question.  Its comprehensiveness is dependant on the amount of survey carried out within the specified area.  
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Definitions of conservation codes given to declared rare and 
priority flora (Atkins 1998). 
Declared Rare Flora – Extant Taxa 
Taxa which have been adequately searched for and are deemed to be in the wild either rare, 
in danger of extinction, or otherwise in need of special protection, and have been gazetted as 
such.
P1: Priority One – Poorly Known Taxa 
Taxa that are known from one or a few (generally less than five) populations, which are, 
under threat, either due to small population size, or being on lands under immediate threat, 
e.g. road verges, urban areas, farmland, active mineral leases, or the plants are under threat, 
e.g. from disease, grazing by feral animals.  May include taxa with threatened populations on 
protected lands.  Such taxa are under consideration for declaration as ‘rare flora’, but are in 
urgent need of further survey. 
P2: Priority Two – Poorly Known Taxa 
Taxa which are known from one or a few (generally less than five) populations, at least some 
of which are not believed to be under immediate threat (i.e. not currently endangered).  Such 
taxa are under consideration for declaration as ‘rare flora’, but are in urgent need of further 
survey. 
P3 Priority Three – Poorly Known Taxa 
Taxa that are known from several populations, and the taxa are believed to be not under 
immediate threat (i.e. not currently endangered), either due to the number of known 
populations (generally more than five), or known populations being large, and either 
widespread or protected.  Such taxa are under consideration for declaration as ‘rare flora’, 
but are in need of further survey. 
P4 Priority Four – Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, while being rare 
(in Australia), are not currently threatened by any identifiable factors.  These taxa require 
monitoring every 5-10 years. 
Note:  The need for further survey of poorly known taxa is prioritised into the three categories 
depending on the perceived urgency for determining the conservation status of those taxa, 
as indicated by the apparent degree of threat to the taxa on the current information. 
